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RESEARCHMEMORANDUM

CONTROLDEFLECTIONS,AIRPLANERESPONSE,AND TAIL

LOADS MEASUREDON AN F-1OOA AIRPLANE

IN SERVICE OPERATIONALFLYING

By Chris Pembo and Gene J. Matranga

SUMMARY

Results are presentedfrom 20 hours of serviceoperationalflying
of an instrumentedNorth AmericanF-1OOA fighterairplane. Air Force
pilots at NellisAir Force Base, Nev., performedair-to-airgunnery,
simulatedair-to-groundattacks,air-combatmaneuvering,acrobatics ~d
transition-t~e flightsto altitudesslightlyin excess of ~,000 feet
and at Mach numbersup to 1.22.

The F-1OOA,while capableof supersonicflight,was generallyflo~
subsonically. Speed reductionswere extremelyrapid during highly maneu-
vering flight,particularlyfor maneuversinitiatedat supersonicspeeds.

The positiveportion of the V-n diagramwas filled out, whereas the
maximumnegative load factor reachedwas -1.0.

Measurementsof pilot controldeflections,throttlemovement,air-
plane motions,and tail loads are presentedprimarilyas envelopecurves
of maximum recordedvalues. Extensiveuse was made of all controls;full
deflectionswere often employedin evasive-tjqetacticalmaneuvers. Use
of throttlevaried widely with the flight experienceof the individual
pilots. The maxim measured tail loadswere about ~ percent of the
design limit loads.

A limitedanalysisof the factorsaffectingvertical-and horizontal-
tail loads indicatedthat vertical-tailloads could be predictedfrom the
sideslipangle and rudder deflection,and that predictionof horizontal-tail
loads at high angles of attack could not be made without knowledgeof the
aerodynamiccharacteristicsof the airplaneat these angles. Cross products
of rolling and yawing angularvelocitiescan have an appreciableeffect on
the horizontal-tailloads of an airplanewith mass characteristicssuch as
those of the F-1OOA.

An overall comparisonof these resultswith results from earlier
investigationswith other airplanesis made.
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The control inputs employedby pilots in performingspecifically
assignedmissions,as well as in general flying,have been of continuing
interestto airplanedesigners. Previously,SOIE informationon maxim~
load factorswas obtainedfrom flight measurementswith V-g recorders,
but informationon controlinputs and airplanemotionswas generally
based on pilot observationsand opinions. To obtain qusmtitativedescrip-
tions of the controlmotions and resultingairplaneresponseduring opera-
tional flying,the NationalAdvisory Cotittee for Aeronauticshas) for
severalyears, rather completelyinstrumenteddifferentfighterairplanes
which were assignedto operationalsquadrons. Some results of these
investigationshave been reported in references1 and 2.

To investigatethe use of an aircraftwith supersoniccapabilities,
an F-1OOA was instrumentedat the NACA High-SpeedFlight Station,Edwards,
Calif., and flown by Air Force pilots at Nellis Air Force Basej Nev. In
additionto the measurementsof control inputsand airplanemotionswhich
are usuallymade, measurementsof the horizontal-and vertical-tailloads
were obtainedsimultaneously.

Presented in this paper are results from approximately20 hours of
flight during which air-to-airgunnery,acrobatics,Pilot transition
air-combatmissions,and simulatedair-to-groundattackswere performed.
Control deflections,airplanemotions,and a lititednumber of loads
measurementsare presented,in the main, as envelopecurves of maximum
recordedvalues. A discussionof the altitude,Mach number range, and
types of maneuversduringwhich the maximum valueswere recordedis also
included. An overall comparisonof these resultswith results from simi-
lar investigationswith other airplanes(refs.1 and 2) is made.

SYMBOLS

c wing or tail chord, ft

F wing mean aerodynamicchord, ft

C%f
pitching-momentcoefficientof the wing-fuselagecombination
at zero lift

d longitudinaldistancebetween the center of gravityand aero-
dynamic center of the wing-fuselagecombination(positive
when aerodynamiccenter is forwardof center of gravity),ft
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accelerationdue to gravity,32.2 ft/-C2

pressurealtitude,ft

moment of inertiaabout X-body axis, Slug-ftp

moment of inertiaabout Y-body sxis, Slug-ftp

moment of inertiaabout Z-body axis, Slug-ftp

product of inertia,slug-ft2

moment of inertiaof rotatingengine parts about X-body axis,

Slug-ftp

horizontal-tailaerodynamicload, lb

vertical-tailaerodynamicload, lb

Mach numiber

normal-loadfactor

rolling velocity,radians/see

rolling acceleration,radians/sec2

pitchingvelocity,radians/see

pitchingacceleration,radians/sec2

yawing

yawing

velocity,radians/see

acceleration,radians/sec2

wing area, sq ft

time, sec

time to bank 90°, sec

equivalentairspeed,knots
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.

w airplaneweight, lb

x distancebetween aerodynamic
tion and 25 percent of the
dynamic chord (parallelto

a angle of attack,deg

P angle of sideslip,deg

ba aileron deflection,deg

center of wing-fuselagecombina-
horizontalstabilizermean aero-
X-body axis), ft

6at total aileron deflection(sum of right and left), deg

br rudder deflection,deg

5s stabilizerdeflection,deg

‘e engine rotationalvelocity,radians/seeor rpm

?0 mass density of air at sea level, slugs/cuft

9 bank angle, deg

Subscripts:

1 limit controldeflection

max maximum

t tail

AIRPLANE

The F-1OOA airplaneused in this investigationis a single-place
swept-wingfighter. The wing, horizontal-tail,and vertical-tailsur-
faces are sweptback 45° at the quarter chord. The airplaneis charac-
terizedby a low wing and low horizontaltail and an oval air intake
duct at the nose. A pitot-staticboom extendsforwardfrom the nose.

Incorporatedon the wing is a leading-edgetapered slat which is
automaticallyoperatedby aerodynamicforces. A hydraulicallyoperated
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speed brake, with a maximum deflectionof 50°) is located on the lower
surface of the fuselageto the rear of the nose-gearwell.

The longitudinal,lateral,and directionalcontrol surfacesare
actuated by irreversiblehydraulicsystems. An all-movablestabilizer
provides longitudinalcontrol,midsemispanaileronsgive lateralcontrol,
and a conventionalrudder furnishesdirectionalcontrol.

Severalmodificationsto the test airplanewere dictatedby the
required instrumentation.Three of the four 20-mm guns were removed,
leaving only the lower left-handgun operative. Removal of guns and
installationof instrumentationrequiredthe additionof ballast to
bring the weight and balance of the test airplane in line with the other
F-1OOA operationalairplanes. The major differencebetween the test air-
plane and standardF-1OOA models was the engine. The F-1OOA is powered
by a J57-P-39 turbojetenginewith afterburner,whereas the test F-1OOA
was equippedwith a J57-P-21 enginewhich deliveredslightlymore thrust.

A three-viewdrawing of the test airplaneis presentedin figure 1,
and a photographis shown in figure 2. Pertinentphysical characteristics
are given in table I.

.

INSTRUMENTATION

StandardNACA recordinginstrumentssynchronizedby a common timer
provided continuousrecords in time-historyform of the following
quantities.

Airspeed and altitude
Normal acceleration
Angle of attack and angle of sideslip
Rolling, pitching,and yawing velocitiesand accelerations
Stabilizer,aileron,and rudder deflections
Stabilizer,aileron,and rudder forces
Speed-brakedeflections
Horizontal-tailand vertical-tailroot shear
Throttleposition
Engine revolutionsper minute

An NACA high-speedpitot-statictube was mounted on the airplane
nose boom to measure airspeedand altitude. The airspeed systemwas
calibratedin flightby the NACA radar phototheodolitemethod (ref. 3)
and is consideredaccurateto M . kO.01 at subsonicand supersonic
speeds and M = io.02 at transonicspeeds.

CONFIDENTIAL
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The normal accelerometerwas located in the plane of symmetry,for-
ward and above the center of gravity of the airplane.

Angle of attack and angle of sideslipas presentedin this paper
were measuredby free-floatingvanes locatedon the nose boom. Errors
resultingfrom boom bending,vane floating)upwash ad sidewashat the
vane, and airplaneangularvelocityhave been neglectedunless otherwise
indicated.

A microswitchattachedto the nose gear initiatedrecordingof data
at nose-gearlift-off. Recordingwas terminatedby actuationof the
microswitchwith nose-geartouchdown;thus, take-offsand landingswere
generallyrecorded. In severalflightsthe durationof in-flighttime
was greater than the amount of recordingtime availableon the film drums;
in these flights,landingswere not recorded. Occasionalin-flight
strain-gagesensitivityand galvanometerszero checkswere recorded.

Additionaldetails of instrumentationand instrumentaccuraciesare
presented in reference4.

TESTS

Data were recordedduring 32 flights (approximately20 hours of
flight time) made with the test airplaneby Air Force pilots at Nellis
Air Force Base, Nev. The flights,which were routine trainingmissions,
consistedof air-to-airgun.neryjacrobatics Pilot transition ad air-
combatmaneuvers. In additionair-to-groundrocketryreleases,air-to-
ground gunnery,dive bombing, skip bombing,and ~ (low-altitude-
bombing-system)msneuverswere simulated,since the test airplanewas
not equippedwith a weapons system capableof performingthese duties.
The test airplanewas equippedwith a yaw damper;however,most of the
flightswere made with the damper inoperativebecause of a malfunction.

Maneuverswere performedover the speed range from stall to Mach
numbers slightlyin excess of 1.2 and from ground level to a pressure
altitudeof approximately50,000 feet. Stabilitydeficienciessuch as
roll couplingand mild pitch-upwere exhibitedby the F-1OOA in its
early developmentalstage;howeverjthe operationaluse of the test air-
plane was not limitedby such deficiencies.

Generally,the serviceairplanesat NellisAir Force ~se were
flown subsonicallyto conservefuel that would otherwisebe consumed
rapidlywith afterburnerin use. A specificrequest for supersonic
maneuveringflight in severalinstanceswas thereforemade to obtain
some informationon the behavior of this airplaneat supersonicspeeds
such as would occur if the restrictionsto conservefuel were not in effect.

CONFDENTW
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The test airplanewas flown by 18 pilots with flight time in F-1OOA
airplanesvarying from 12 hours to 110 hours. Ten of the pilots had more
than 100 hours of actual combat.

The pilots were aware they were flying an instrumentedairplane.
However, it was stressedthat normal handling of the aircraftwas desired
and that results from the test programwould not be associatedwith any
individualpilot.

RESULTSAND DISCUSSION

Altitude and Mach Number

The percentageof total recordedflight time in variousranges of
altitudeand Mach number is presentedin figure 3. The data shownwere
obtainedfrom air-to-airgunnery;air-to-~ound simu~ted bombingj W-
nery, and rocketry;transitionand acrobatics;and air-combatmaneuvers.
Data are grouped in class intervalsof 5,000 feet in altitudeand 0.1 in
Mach number. Figure 3 shows that the test airplanewas flown from ground
level to altitudesslightlyin excess of 50,000 feet and at Mach numbers
ranging from stall to slightlyabove M = 1.2. More flight time, about
22 percent,was in the altitude intervalfrom 20,000 to 25,000 feet, pri-
marily because of the contributionof the air-to-airgunnery flights
during which considerabletime was spent near 20,000 feet, the altitude
of the tow target. The remainingtime was almost evenly distributedin
the other altitudeintervalsbelow 20,000 feet and above 25,000 feet up
to 40,000 feet. A relativelyshort time, about 5 percent,was Spent

above 40,000 feet. Figure 3 also shows that about 62 percent of the
total flight time was at speedsbetween M = 0.6 and M = 0.9. The
peak percentagein the intervalfrom M = 0.6 to 0.7 is again putl.y a
consequenceof the air-to-airgunnery flights,since the Mach number of
the target tow airplanewas about M = 0.7. Only about 2 percent of the
total flight time was above M = 1.0; most of this time was due to the
aforementionedrequest for supersonicdata.

As previouslynoted, the air-to-airgunnery flightsare somewhat
restrictedin altitudeand speed by the tow target. Also, in the air-
to-groundtissions considerabletime is spent at altitudesbelow about
10,000 feet. The air-combatmaneuvers,transition,and acrobaticflights,
however,allowedthe pilot to fly at any altitudeand speedwithin the
capabilityof the airplane. Therefore,the percentageof total flight
time in the various altitudeand Mach number intervalsfor these types
of missions is believedworthy of separateconsiderationand is shown in
figure 4. I?romthis figure it can be seen that flight time was fairly
evenly divided in the intervalsbetween 15 000 feet and 40,000 feet. The
largestpercentageof the time (19 percent~ in any one intervalwas in the

ccn!mDENTw
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altituderange between 35,000 and 40,000 feet. It can also be seen that
time in the speed range from M = 0.7 to M = 0.9 was predo~nant=

Normal-LoadFactor

The envelopeof the maximum normal-loadfactorsmeasured is pre-
sented in figure 5. Data from all missions are included. Also shown for
comparisonis the operationalV-n diagram for the airplanefor the
24,000-poundweight conditionat 3,000 feet (take-offweight of the test
airplanewas near 25,000 lb). The limit design load factor for the test
airplanewas 7.33g,while the greatestpositive load factor reached duri~
the 20 hours of operationalflyingwas 6.8g. The negativelimit design
load factor was 3.Og; however, in the maneuversperformednegative load
factorsdid not exceed l.Og.

In many instancesthe recordedload factorsexceededthe stall line
(fig. 5) partiallybecause some of the data points were obtainedat air-
craft weights less than 24,000 pounds. However, the primary reason is
the abruptnesswith which many of the maneuversin this flight regime
were performed,whereas the @ line on the operationalV-n diagram

is applicableonly to gradual turns and pull-ups.

AirplaneAttitude

A@ e of attack.-The envelopeof the maximm recordedairplaneangles
of attack and correspondingequivalentairspeedsis shown in figure 6(a).
The largestangle of attack measuredwas about 41°, airplanenose UP, and

occurredat an airspeedof 210 knots. The maximum airplanenose-downangle
of attack measuredwas about 8° and occurredat an airspeedof 250 knots.
Angles of attack in excess of 20°, airplanenose up, were recordedon
numerousoccasionsin the air-combatmaneuversand acrobaticsat airspeeds
Up to 325 knots. These angleswere experiencedat all altitudesbetween
about 15,000 and 45,000 feet.

Large angles of attack were generallyattainedin the evasivemaneu-
vers such as “hard turns” and “breaks,”which consistedof abrupt, accel-
erated turns accompaniedby large speed reductions. In one of the basic
tacticalmaneuversperformedby the pilots, the evadingaircraftturned
sharplyand reduced speed abruptlyto force the attackeroutsidehis turn
radius. In the air-conibatmissions such maneuverswere performed
frequently.

Angle of sidesli~.-The envelopeof maximm recorded sideslipangles
and correspondingequivalentairspeedsis shown in figure 6(b). This
envelopeis made up of data obtainedin rollingmaneuversperformedin

CONFIDENTIAL
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air-combatmaneuvering,pilot-transition>and acrobatic-tne flights”
The greatestsideslipangle measuredwas 32° at an airspeedof about
200 knots and an altitudeof 40,000 feet. With the exceptionof the
10° of sideslipobtainedat Ve = 370 knots during a 5.5g roll at an

altitudeof 9,000 feet, the envelopecurve shows an approximatelylinear
drop off of maxinnunsideslipangleswith increasingairspeed.

Use of Controls

Rudder.-The use of rudder control is indicatedin figure 7(a) which
presents the envelopeof the maximum rudder angles in percent of full
deflection. It can be seen that full rudder was used at equivalentair-
speeds from 117 to 250 knots above which rudder deflectiondecreaseswith
increasingairspeed. The pedal forces associatedwith the rudder deflec-
tions at speedsabove 250 knots were found to be low, less than 100 pounds,
indicatingthat the rudder deflectionsin this speed range were not the
maximum that could have been employed.

Perhaps the reason for the extensiveuse of the rudder on the F-1OOA
airplanewas that the pilots were made aware of adverseyaw particularly
below 250 knots and were instructedin the flight trainingmanual to use
the rudder in turning flight to counteractthis effect.

Use of full rudder and most generaluse of the rudder was made in
the air-conibatmaneuvers. However,the rudder was also employedin other
types of flights;for example, in the air-to-airgunnery flightsrudder
was employedin combinationwith abrupt aileron inputs to prevent collision
with the tow target after gun firing.

Aileron.-The envelopecurve of maximum aileronused by the service
pilot~=ious equivalentairspeedsis shown in figure 7(b). It can
be seen from the figure that full aileronwas used at equivalentair-
speeds from 140 knots to about 450 knots. Use of full aileronwas not
confinedto any particularaltitudeor Mach number range.

In general,full aileron controlwas employedin combatmaneuvers
to perform maximumperformanceturns in evasivemaneuversand in noncombat-
type flying such as acrobatics. In the evasivemaneuvers,full aileron
was used by the evadingpilot in order to reverse the directionof his
turn after the attackingpilot had been forced outsidethe turn radius of
the evading aircraft. During this portion of the maneuver,full aileron
was used when the airspeedwas low (oftennear the stall speed).

E

Stabilizer.-The envelopeof maximum stabilizerposition at various
equivalentairspeedsis shown in figure 7(c). It canbe seen that full
airplanenose-up stabilizerwas used up to Ve = 330 knots,which

cortmmm
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correspondsto the upper left-handcorner of the V-n diagram. One-half
of full airplanenose-up stabilizerwas used up to Ve . 500 knots.

Stabilizerdeflectionsbelow neutralposition (stabilizerposition at
zero) were not used.

The only maneuverrequiringfull stabilizerwas the “hard turn”
maneuver. In one instancenear 40,000 feet, full stabilizerwas used
atM= 1.2 and was held while speed dropped to near the stall. No
more than 3/4 of full stabilizerdeflectionwas requiredto perform any
of the other missions, such as air-to-airand air-to-groundattacks.
Takeoffs and landingswere accomplishedby using approximately3/4 of
full stabilizerdeflection.

Speed brake.- The speed brake on the test airplanecan be opened
to any positionup to, and including,full open. The brake was used to
reduce speed in both tacticaland nontacticalmaneuvers. During this
flight program, the speed brake was used in the full open positionat
all equivalentairspeedsfrom 130 knots to 470 knots. Although the
speed brake was employedat various intermediateopeningangles through-
out the speed range, it was fully extendedapproximately75 percent of
the time it was in use.

Throttle.-Measurementswere made of the use of the throttleby
servicepilots and the resultingresponseof the engine as indicatedby
the revolutionsper minute of the low-speedrotor. Throttleposition
for various engine power settingswas determinedfrom thrust stand tests.
Typical time historiesare shown in figure 8 for two air-combatmaneuvers
and one air-to-ground-missionflight.

The time historiesshown in figures 8(a) and 8(b) representtwo
extremes of throttleuse during highly maneuveringflights. The flights
from which both these recordswere obtainedconsistedof two-airplane
engagements,in which an instructor,piloting one airplane,demonstrated
a tacticalmaneuver,and a student,pilotinganotherairplane,performed
the same maneuver. The time history of figure 8(a) was measuredduring
a student’sflight. It shouldbe noted that the studenthad over
200 hours of flight time in jet aircraftbut was being instructedin the
use of the F-1OOA in tacticalmaneuvers.

The time history of figure 8(c) is typicalof throttleuse in the
air-to-groundmissions.

Four instancesof compressorstallwere noted during the 20 hours
of operationalflying. The instanceswere confinedto the air-combat
flights;none occurredduring the flights shown in figure 8.

Control forces and controlmotions.-The aileron,rudder, and stabi-
lizer controlson the F-1OOA airplaneare full-poweredirreversible

comIDENTIAL



NACA RM H58c26 co~~m~ u

systems. Bungee springs installedin the systemsproduce force at the
control stick and pedals, thus providingthe pilot with artificialfeel.
With no aerodynamicloads imposedon the control surfacesthe forces
requiredto produce full deflectionare approximately100 pounds for
rudder, 20 pounds for ailerons>ad 40 pounds for stabilizer. During
operationalflying,the pilots often applied forces to the stick and
rudder pedals which exceededthese forces. Rudder pedal forces of the
order of 280 pounds, aileron stick forces of 25 pounds, and stabilizer
stick forces of 70 pounds were recorded. At the higher speedswhere
controldeflectionswere less than full, the associatedcontrol forces
were found to be low.

During maneuveringflight the control-surfacemovementswere gen-
erally oscillatoryor stepped,rather than smooth. This is particularly
true of the stabilizerwhere oscillationsof 4° to 5° amplitudeat a
tiequencyof about 1 cycle per secondwere common and occurredin both
high-speedand low-speedflight.

Rolling Motions

Variationswith equivalentairspeeds.-Figure 9 shows envelopesof
the variationswith equivalentairspeedof the measuredmaximum rolling
acceleration,rolling velocity,and bank angle. Bank angles are pre-
sented as incrementalangles measured during a singlemaneuver.

The peak rolling accelerationof 10.0 radians/second2and rolling
velocityof 3.4 radians/secondare reached in the equivalentairspeed
range of 300 to 350 knots.

The maximum recorded change in bank angle was 1200° above
Ve = 400 knots. Rolling maneuverswhich resulted in extremebank

angles (1100°or greater)occurred4 times during the 20 hours of flight
time; in all cases these maneuverswere performedat altitudesnear
20,000 feet or below. Rolls which generatedangles of 360° or greater
occurred23 times and were not confinedto any particularaltitudeor
speed region.

All the data points for establishingthese envelopeswere obtained
from air-combatmaneuversand acrobatics. Roll rates slightlygreater than

2.0 radians/secondand roll accelerationsof about 7.0 radians/second2were
used by the pilot in one air-to-airgunnery flight to prevent collision
with the tow target immediatelyafter gun firing at close range.

Variationswith rolling velocity.- The peak changesof bank angle
and rolling accelerationassociatedwith variousamounts of peak rolling

coITE’IDENTm
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velocity in a rollingmaneuverare presented in figure 10 which shows
that the rolling velocity for the maximum change of bank angle was
2.1 radians/second. Although larger roll rates were employedby the
pilots, they were not maintainedfor a sufficientlength of time to
develop larger bank angles.

The lower sectionof figure 10 shows the rollingacceleration
experiencedin conjunctionwith rolling velocity. It can be seen that
in many cases relativelyhigh accelerationswere utilizedfor the smaller
rolling velocitiesdemanded. A median line throughthese data passes
through a value of accelerationabout twice as great as the velocity.

Also shown in figure 10 is a lower boundsry for bank angles and
rolling acceleration,since for any rolling velocitythere is an asso-
ciatedminimum change in bank angle and rolling acceleration.

Variationswith aileron deflections.-Presentedin figure 11 are
envelopesof peak rolling accelerationand peak rollingvelocity for
given amounts of total aileron deflectionin rollingmaneuvers. Also
shown as a dashed line is the maximum rolling velocityand acceleration
which resultedfrom rudder-fixed360° aileron rolls performedat
40,000 feet with the test airplane in researchtestingat $he NACA High-
Speed Flight Station. It will be noted that the msxinmm rolling accel-
erations in this figure and figure 10 are somewhatlower than those shown
in figure 9 because all.values of velocityand accelerationin figures10
and 11 are associatedonly with the initiationof rolling. Somewhat
higher values were generallyexperiencedin recoveries.

The variationsof roll velocityand accelerationwith total aileron
deflectionindicatethe expected increasewith increasingcontroldeflec-
tion. Here, again, the demand for large rollingaccelerationsis evident
even with small controlinputs.

The envelopeof maxim rolling accelerationcorrespondingto various
aileron deflectionsis considerablyabove the peak values recordedduring
the research flights. The same is true for rolling velocities,but only
at the smallervalues of rollingvelocity. These larger accelerationsand
velocitiesresult largely from the use of the rudder to supplementthe
ailerons. In contrast,the researchmaneuverswere essentiallyrudder-
fixed maneuvers.

Time-to-bank900.- I?resentedin figure 12 is the minimum time-to-
bank 90U for various equivalentairspeeds,peak rollingaccelerations,
peak rollingvelocities,and total ailerondeflectionsin rollingmaneu-
vers. It shouldbe emphasizedthat !!&90 representstime-to-pass

through the first 90° of bank angle, rather than the time-to-bankto 90°
then stop or stabilize. Also shown are the boundariesfor the aileron
rolls performedin the researchrollingmaneuversreferredto previously.

coItmImNTIAL
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Bank angles of 90° within 1 secondwere achievedwhile flying
between 300 and 400 knots equivalentairspeed. The minimum time-to-
bank 90° decreasedas the controldeflection,rollingvelocity,and
rolling accelerationwere increased. Bank angles of 90° within 1 sec-

ond were reached above accelerationsof 6 radians/second2,velocitiesof
2.5 radians/second,and total aileron deflectionsof 25°. As indicated
in this figure,the minimum time-to-bank90° during operationaluse of
the airplanewas about the same as that for the aileronroll investi-
gation. However, from examinationof time-to-bank90° for various
rolling accelerations~d velocitiesit can be seen that, in general,
slightlyless time was requiredto reach the first $30°in the operational
investigationthan in the research investigation.

PitchingMotions

Pitchingangular velocity.-The envelopeof maximumpitchingvelo-
cities measuredat various equivalentairspeedsis presentedin fig-
ure 13(a). From this figure it is evidentthat the highestpitching
velocitiesreached during the flightsby servicepilots were about
0.8 radian/second,nose up, at Ve = 240 knots, and 0.6 radian/second,
nose down, at Ve = 200 knots. Both peaks were recorded in air-combat
maneuversat about 40,000 feet. Referringto the nose-upregion of this
figure, it can be seen that, with the exceptionof three occurrencesout-
side the mass of data, the pitchingvelocity increaseswith increasing
airspeedup to about Ve = 280 knots, then decreasesin essentiallya

linear manner. In the nose-downregion,pitchingvelocity increaseswith
airspeedup to the peak of 0.6 radian/secondat Ve = 200 knots, then

decreaseswith increasingairspeed. The nose-downpitch rate of
0.42 radian/secondat 440 knots representsa one-timeoccurrencein
acrobatic-typeflying at an altitudeof 20,000 feet.

Pitchingangul.ar acceleration.-Figure 13(b) shows the variation
of maximum pitchingangular accelerationswith equivalentairspeed. It
may be seen that the highestmeasuredpitchingaccelerationwas about

3.5 radians/second2,nose up, at an equivalentairspeedof 440 knots.

The highest nose-downpitching accelerationwas about 3.2 radians/second2
at approximatelythe same airspeed. Both peak values occurredduring
violentpitchingmotions in “stringacrobatics”at 20,000 feet.

With the exceptionof the pitchingaccelerationof 3.5 radians/second2

all nose-up angular accelerationswere 2.0 radians/second2or less. In
the nose-downsectionof the figure it can be seen that the angular

accelerationspeak at 2.5 radians/second2(Ve . 220 knots) and at

3.2 rtiims/second2 (Ve = 430 knots).

CoItFIDmIAIl
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The envelopesof both pitchingvelocityand pitchingacceleration
are composedalmost entirelyof test points occurringin air-combat
maneuversand acrobatic-typeflightsat altitudesfrom 20,000 to
about 40,000 feet.

Yawing Motions

Yawing angular velocity.-The envelopeof maximum airplaneyawing
-u velocitiesand correspondingequivalentairspeedsis presented
in figure 14(a). It is indicatedin this figure that the peak yawing
velocitymeasuredwas near 1.0 radian/second. This peak value occurred
in an abrupt evasive-t~e maneuverat 40,000 feet and is well above the
boundary establishedby the mass of data which peaks at 0.6 radian/second
at 300 knots.

Yawing angular acceleration.-Variationof the airplanemaximum
yawing accelerationswith equivalentairspeedis shown in figure 14(b).
The envelopein this figure peaks at a yawing accelerationof

2 at an equivalentairspeedof 290 knots. This value0.9 radian/second
was reached at an altitudenear 20,000 feet during air-combatmaneuvers.
It is evident from this figure that yawing accelerationdecreasesfrom
the peak at Ve = 290 knots with increasingairspeed.

The data used in establishingthe envelopesof both yawing velocity
and yawing accelerationwere obtainedprimril.yfrom air-conibatmissions
at altitudesbetween 5,000 and 45,000 feet. The test points shown in
the airspeedrange of 400 to 450 knots, however,were recorded in air-
to-groundand air-to-airflights.

Vertical-TailLoads

An envelopeof the maximum vertical-tailloads measuredduring the
serviceoperationalflights is shown in figure 15(a). As indicatedin
this figure,the vertical-tailaerodynamicload increaseswith equiva-
lent airspeedto the ms.ximumrecordedvalue of 5,600 pounds, approxi-
mately 40 percent of the design limit load, at Ve = 435 knots.

With the exceptionof one rudder-oscillationmaneuverperformedat
a Mach number near 0.70 at 12,0CXlfeet (vertical-tailload of 5,100 lb),
all loads shown on the enveloperesultedfrom rollingmaneuvers. The
maximum vertical-tailload recordedoccurredin a full aileronroll at
lgat a Mach number near 0.90 at 15,000 feet.

Considerableanalyticalwork has been done in recent years toward
the predictionof sideslipangleswhich will result during various kinds
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of maneuvers. The assumptionis made that once the sideslipangle is
specified,the vertical-tailairload can also be established. Figure 15(b)
indicatesthe extent to which this is true for the flight resultsbeing
discussed. In this figure the variationof vertical-tailload with

Ptve2 iS shown. The sideslipangle was measuredby a vane mounted on

a boom ahead of the nose of the airplane,thereforea small correction
(maximumof 1°) was requiredbecause of airplanerollingand yawing
motions to convertthe measuredvalues to sideslipangles at the verti-
cal tail pt. This value of Pt assumes no fuselageflexibilityor

sidewashfrom portions of the aircraftahead of the tail.

It shouldbe pointed out that all the vertical-tailloads shown in
figure 15(b),with the exceptionof the solid symbol,were measured in
rollingmaneuverswhere rudder deflectionswere about 2° or less, The
solid symbol is the vertical-tailload measuredduring a rudder-oscillation
maneuverwith a rudder deflectionof about 7° from trim. The open symbol
immediatelybelow is the vertical-tailload appropriateto the rudder trim
conditionand was obtainedby determiningthe incrementin load due to
rudder deflectionfrom unpublishedflight data obtainedin researchflights
of the test airplane.

It can be seen from figure 15(b) that, in general,the variationof

the vertical-tailload follows closelythe variationof ~tVe2 throughout

the altitudeand Mach number range of the present investigation.

Horizontal-TailLoads

Horizontal-tailloads are related to airplanemotions,airplane
physical characteristics,and airplanemass parametersas indicatedin
the followinggeneral expression(ref. 5):

‘h=~f%e%+w-%+%=)+%2-P2)-%(r) (’)

The parentheticalte~ are linear and angular velocitiesand accel-
erationsof the airplane. These quantitieshave been measuredduring the
serviceoperationalflightsof the test airplane. The relative importance
on the F-1OOA of each term in the precedingexpressioncan best be pointed
out by substitutingnumericalvalues for the physicaland aerodynadc
characteristics. Unpublishedresults of a study of the tail loads on
the airplaneduring research flightsat the High-SpeedFlight Station
indicatedthat a considerablevariationwith both Mach number and angle
of attack exists in the aerodynamicparameters.

CONFIDENTIAL
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The followingcharacteristicsare applicableto a
24,000 pounds, airplaneangles of attack near 0°, Mach
and altitudesbetween 20,000 feet and 40,000 feet:

Ix = 11,ooo Slug-ftz

Iy = 59,000 Slug-fta

Iz = 67,000 slug-ft2

I= = 385 slug-ft2

c%= -0.003

s = 385 sq ft

E= 11.2 ft

x= 15 ft

d= -0.5 ft

l&Oe = 17,554 slug-ft2radians/see

C@ = 0.002378 shg~cu ft

Ve = equivalentairspeed,knots

NACARMH58C26

weight of
numbers near 0.8,

Substitutionof these numericalvalues into the expressionfor horizontal-
tail loads yields:

Lh.- o.oozg(ve~ - ~O(n) - 3930(4)+ ~’i’30(pr) + 26(r2- P2)- l170(r) (2)

Contributionsto the total tail load of the C
-f

term, the In

term, and the engine inertiaterm will be less significantthan the
remainingterms, consideringthat an equivalentairspeedof 575 knots,
rolling rate near 3 radians/second,and yawing rate near 1 radian/second
were the maximum values recorded.

To assess the importanceof the (Iz - Ix)pr term, the envelopeof

the maximum recorded pr cross-productvalues is shown in figure 16.
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It can be seen from the figure that, except for the occurrenceof a value

of 2.7 radians/second2 in one maneuver,roll velocity-yawvelocitypro-

ducts did not exceed about 0.75 radian/second2. For the test airplane,

however,a value of 0.75 radian/second2contributesnearly 3,000 pounds
to the horizontal-tailload.

A knowledgeof the magnitudeof pitchingaccelerationwhich occurs
in combinationwith variousairplanenormal accelerationsgenerallyhas
been consideredsufficientto establishthe maneuveringhorizontal-tail
load. However,as indicated,cross products of angular velocityterms
can result in sizablehorizontal-tailloads.

Careful considerationmust be given to the angle-of-attackrange of
airplaneoperation. For example,on the test airplane,the coefficient
of n (equation(2)) has been found from the previouslymentioned
researchflightsto vary from -800 for angles of attack near 0° to
about 2,000 at angles of attack near 15° and to even greaterpositiv-e
values as the aerodynamiccenter of the wing-fuselagecombinationmoves
forwardwith increasingairplaneangle of attack to 20° and greater.

Figure 17 shows the horizontal-tailaerodynamicload measured in
maneuverswhere various combinationsof pitchingacceleration,normal
acceleration,and angle of attackwere experienced. The normal accel-
erations shown in this figure are accelerationsat the center of gravity
of the airplane. It shouldbe pointed out that the pr cross products
which occurredin these maneuverswere negligible.

Exadnation of this figurewill reveal that a down-loadof about
12,000 pounds (approximately40 percent of design limit load) occurred

2 from about 0.5g and anduring a nose-up pitch of 3.5 radians/second
airplaneangle of attack of 3°, nose down. This is the greatestdown-
load recordedduring the 20 hours of service operationalflying.

The greatestup-load on the horizontaltail measuredduring the
operationalflightsby servicepilots was slightlyover 8,OOO pounds
(about 58 percent of design limit up-load). This load occurredin a

nose-downpitch of 1.5 radians/second2 at about 5g. This maneuverwas
initiatedat an angle of attack of about 25°. It till be noted that
the maximum recordedpitchingaccelerationin the nose-downdirection,

3.2 radians/second2,did not produce a large up-load on the stabilizers
because of the moderateangle of attack at which this maneuverwas
initiated.

In this figurewide variationsof magnitudeof horizontal-tailload
at nearly similar n and ~ conditionsindicatethe extent to which
Mach number and angle of attack influencethe predictionof the loads.

CONFIDENTIAL
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ComparisonWith Other Airplanes

As comparedwith results from similar investigationsinvolvingthe
Republic F-&G, North American F-86A, LockheedF-~B, and McDomell F2H-2
jet fighter airplanes (ref. 1), the results obtainedwith the F-1OOA show
that higher altitudesand Wch numberswere experienced,more extensive
use was made of all controls,and, as a result,higher airplaneresponse
was measured. However,an investigationusing a Republic F-84F (ref.2)
showed results comparableto those of the presentF-1OOA investigation,
except that the maximum values of sideslipangle and yawing acceleration
for the F-1OOA were somewhatlower and angle of attackwas higher than
those for the F-&F.

CONCLUDINGREMARKS

Twenty hours of operationalflying of an instrumentedNorth American
F-1OOA airplaneby U.S. Air Force pilots have provided informationon the ‘
use of controls,the resultingairplanemotions,and the accompanyingtail
loads. Air-to-airgunnery,acrobatics,Pilot transition>air-co~at mis-
sions, and air-to-groundsimulatedattackswere performedcoveringthe
altituderange to slightlyabove >0,000 feet and the Mach number range
to 1.22.

The F-1OOA, while capable of supersonicflight,was generallyflown
subsonically. Speed reductionswere extremelyrapid during highly maneu-
vering flight,particularlyfor maneuversinitiatedat supersonicspeeds.

The positiveportion of the V-n diagramwas filled out, however,the
maximm negativeload factorwas -1.0.

The pilots made extensiveuse of surfacecontrols,employingfull
stabilizer,rudder, and aileronsin evasive-typetacticalmaneuvers. Use
of throttlevaried widely with the flight experienceof the individual
pilots●

The Himum values recordedfor the various quantitieswere as fol-
lows: angle of attack up to 40°; angles of sideslipof ~“; rolling
velocity of 3.4 radians/secondand rolling accelerationsof

10.0 radians/second2;bank angles of 1,200°;pitchi~ velocitYof about
0.8 radian/second,nose-up,and 0.6 radian/second,nose do~; pitching

accelerationsof 3.5 radians/second2,nose-up,and 3.2 radians/second2,
nose down; yawing velocityof 1.0 radian/second,and yawing acceleration

of 0.9 radian/second2.
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Maximum measuredhorizontal-tailloads were approximately40 percent
of design limit in the down-directionand about 58 percent of design limit
in the up-direction. The greatestvertical-tailload measuredwas about
40 percent of design limit for that surface.

It was indicatedthat vertical-tailloads could be predicted if the
sideslipangle and rudder deflectionare known.

A limitedanalysisof the horizontal-tailloads has indicatedthat
the frequentoccurrenceof high angle-of-attackflight during maneuvers
requires knowledgeof the aerodynamiccharacteristicsof the airplane
at these angles in order to predict horizontal-tailloads. Cross pro-
ducts of rolling and yawing angularvelocitiescan have an appreciable
effect on the horizontal-tailloads of an airplanewith mass character-
istics such as those of the F-1OOA.

As comparedwith results from similar investigationsinvolvingthe
RepublicF-&G, North AmericanF-86A, LockheedF-94B, and McDonnellF2H-2
jet fighterairplanes,the results obtainedwith the F-1OOA show that
higher altitudesand Mach numberswere experienced,more extensiveuse
was xmde of all controls,and, as a result, higher airplaneresponsewas
measured. However,an investigationusing a RepublicF-84F showedresults
comparableto those of the present F-1OOA investigation,except that the
maximum values of sideslipsngle and yawing accelerationfor the F-1OQA
were somewhatlower and angle of attack was higher than those for the—
F-81+F.

High-SpeedFlight Station,
Edwards, Calif.,March u, 1958.
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TABLE I.- PHXSICALCHARACTERISTICSOF AIRPLANE

21

wing:
tdrfoil section . . . . . . . . . . . . . . . . . . . . . . . . .
Total area (includingaileronsand 83.& sqft covered
by fuselage),si ft...... . . . . . . . . . . . . . . . .

Span,ft . . . . . . . . . . . . . . . . . . . . ..OOO ,..
Meanaerodynamic chord, ft. . . . . . . . . . . . . . . . . . .
Rootchord, ft . . . . . . . . . . . . . . . . . . . . . . . . .
Tipchord, ft. . . . . . . . . . . . . . . . . . . . . . . . . .
Taper ratio. . . . . . . . . . . . . . . . . . . . . . . . . . .
Aspect ratio . . . . . . . . . . . . . . . . . . . . . .
Sweep at 0.25chordline, deg . . . . . . . . . . . . . .
Incidence,deg . . . . . . . . . . . . . . . . . . . . .
Dihedral,deg. . . . . . . . . . . . . . . . . . . . . .
Geomstrictwist, deg . . . . . . . . . . . . . . . . . .
Aileron:
Area rearwardofhinge line (each),sqft . . . . . . .
Spanathinge line (each),ft . . . . . . . . . . . . .
Chord rearwardof hinge line, percentwing chord . . .
Travel(each), deg . . . . . . . . . . . . . . . . . .

Leading-edgeslat:
Span, equivalent,ft . . . . . . . . . . . . . . . . .
Segments . . . . . . . . . . . . . . . . . . . . . . .
Spanwiselocation,inboardend, percentwing semispan .
Spanwiselocation,outboardend, percentwing semispan
Ratio of slat chord to wing chord (parallelto fuselage
referenceline),percent . . . . . . . . . . . . . .

Rotation,maximum,deg . . . . . . . . . . . . . . . .

. . . .

.**.

. . . .

. . . .

. . . .

. . . .

. . . .
● 0..

. . . .

..0.

. . . .

. . . .

. . . .

..*.
● ✎ ✎ ✎

NACA64AO07

. . . 385.21

. . . 38.58

. . . u.16

. . . 15.86

. . . 4.15

. . . 0.262

. . . 3.86

. . . 45

. . . 0

..0 0

. . . 0

. . . 19.32

. . . 7.81

. . . 25

. . . *15

. . . 1.2.71

. . . 5

.*O 23.3

. . . 89.2

. . . 20

. . . 15

Horizontaltail:
Airfoil section. . . . . . . . . . . . . . . . . . . . . . . . NMA 65Ao03.5
Totalarea(including31.67sqftcoveredby fuselage),sqft . . . . . 98.86
s~,ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18.72
Meanaerodynamic chord,ft . . . . . . . . . . . . . . . . . . . . . . g.;;
Rootchord, ft .. . . . . . . . . . . . . . . . . . . . . . . . . . .
Tipchord, ft.. . . . . . . . . . . . . . . . . . . . . . . . . . . . 2:46
Taperratio.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.30
Aspect ratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3.54
Sweep at 0.25chordline, deg . . . . . . . . . . . . . . . . . ..O. 45
Dihedral,deg. . . . . . . . . . . . . . .. . . . . . . . . . . . , . . 0
Trmel,l eadingedgeup,deg . . . . . . . . . . . . . . . . . . . . . 5
Travel,leadingedgedown,deg . . . . . . . . . . . . . . . . . . . . 25
Control system: . . . . . . . I&reversiblehydraticboost and m?tificialfeel

Verticaltail:
Airfoil section. . . . . . . . . . . . . . . . . . . . . . . . NACA 65Ao03.5
Area(excludingdorsalfinandareabetweenfuselagecontourline
andlinepsrallelto fuselagereferenceline throughintersection
of leadingedge of verticaltail and fuselagecontourline) . . . . . 42.7

Span,ft . . . . . . .* . . . . , . . . . . . , . . . . . . . . . . , 7.93
Meanaerodynamicchord,ft . . . . . . . . . . . . . . . . . . . . . . 5.90
Bootchord,ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8.28
Tipchord,ft. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2.49
Taperratio.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.301
Aspectratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.49
Sweepat0.2Ychordline,deg. . . . . . . . . . . . . . . . . . . . . 45
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TABLE I.- PHYSICAL CHARACTEUSTICS OF AIRPLANE - Concluded

Rudder:
Area, rearwm dofhinge line, sq ft... . . . . . . . . .
Spanathinge line, ft... . . . . . . . . . . . . . . .
Root chord, ft . . . . . . . . . . . . . . . . . . . . . .
Tipchord, ft....... . . . . . . . . . . . . . . . .
!l?rave l,de g....... . . . . . . . . . . . . . . . . .
Spanwise location, inboard end, percent vertical-tail span
Spanwise location, outboard end, percent vertical-tail span
Chord, percent vertical-tail chord . . . . . . . . . . . .
Balance. . . . . . . . . . . . . . . . . . . . . . . . . .

.*

. .

. .

.*

. .

. .
● ✎

✎ ✎

✎ ✎

. . . 6.3

. . . 3.33

.*. 2.27

.** 1.50

. . . *2O

.**
● . . 2::
. . . 28.4
Aerodynamic

Fuselage:
Length (afterburnernozzleclosed),R . . . . . . . . . . . . . . . . 45.64
Maximumwidth,ft. . . . . . . . . . . . . . . . . . . . . . . . . . . 5.58
Mad.mumdepthovercanopy, ft. . . . . . . . . . . . . . ● . . . . . . 6.37
Sidearea(total), sqft . . . . . . . . . . . . . . . . . . . . . . .230.92
Finenessratio(afterburnernozzleclosed) . . . . . . . . . . . . . . 7.86

Speed brake:
Surfacearea, sqft. . . . . . . . . . . . . . . . . . . . . . . .=. 14.14

Mmdmumdeflection,deg. . . . . . . . . . . . . . . . . . . . . . . . 50

Powerplant:
Turbojet engine . . . . . . . . . One Pratt & Whitney J57-P21withafterburner
Thrust(guaranteesealevel),afterburner,lb . . . . . . . . . . . . . I-6ZOO0
Military,lb . . . . . . . . . . . . . . . . . . . . . . ● . . . . ● .1O>OOO
Normal,lb . . . . . . . . ● . . . . ● . . . . . . ● . ● . . . . . . . 9,000

Airplane weight, lb:

[

Basic tithout fuel, pilot, ammunition) . . ● . . . . . . ● ● . . . . .20,000
Total Wfuel, pilot, ammunition). . . . . . . . . . . . . . . . . 25,160

Center-of-gravity location, percent 5:
Totalweight -gear down . . . . . . . . . . . . . . . . . . . ● . . . 31.7
Totalweight-gearup . . . . . . . . . . . . . . . . . . . . . . . . 31.7

Momentsof Inertia (total-weight condition), slug-ft2:
Ix . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ● ● . . .~)130
Iy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ● = . .. 59,500
Iz . . . . . . . . . . . . . . . . . . . . . . . . . .= . . . . . . . 67,500

Product of inertia (total-weight condition), slug-ft2:
I=. . . . . . . . . . . . . . . . . . . . . . . . . . . . . ● ● ● . . 385
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Figure 1.- Three-viewdrawing of the test airplane. All dimensions in

inches.
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Figure 6.- Envelopesof maximum angles of attack and angles of sideslip
measuredat various equivalentairspeeds.
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Figure 8.- Time history of engine revolutionsper minute and percent
power.
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